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Almost two decades ago.Dysoc 1 described 3n ele- 
gant concentric unit-magnification o?;icau system which 
aroused a speculation 2 that the iv-stera may bf con- 
verted to a tpertrograpb by introducing di-Traction 
grating grooves on the concave reflecting surface w give 
the ccnfijurauon sho<ra In J-ig. 1. Became the crating 
surface is so deeply concave,;verification really «V»i M d 
toe- advent of holographic diffraction gratings. A r U - 
l^'^fl P TOl ? t >TX version of the spectrograph (200 
A/mm, /A, with 7.6-cm gratia? diame-«r ind mine s 
prating furnished courtesy of the Job:n-Yw>n Optical 
Coopany) „as linee confimed the image quaiitv. The 
advantageous feature of this particular concentric 
configuration axe ; 

(1) sharp imagery due to the Inherent absence of 
aeidel a bo /rations; 

cable"- hi * b DUDaSriCaJ 4 P erH,re : N -A. > 0.6 is practi- 

(3) stigmatic; 

(4) (hi field; 

(5) wide unvignefted fial<j having linear dispersion 
as a function of wavelength, covering the coopleta 
site?*' : C Spectwi1 " ne * * ad P«ai«ins long 

(6) teadily accessible field located on the ener-or 
o. the spectrograph; 

(?) nonaaamorphic field; ecuej magnification along 
anC across the aispersion it important for convention 
applications; 

(£) telocentric with the pop!) situaud „ iafinh v. 
focusing errors Introduce neither dispersion chanre nor 
asymmetric instrument profile*; 

W no central obscuration of the pupil; 

(10) no aspberieal optica] surfaces are required. 
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The restrictions of the configuration are (a) that the 
spectrograph is limited to low dispersion, (b! tana, 
mitting materia] it required, (c) its focal ratio does sot 
directly match that of telescopes, and (d) its diffraction 
gratmg must be hologrephicaUy formed. I 

It is the symmetry given to each ray by the eoncen- 
tneny of the optics that is responsible for the clean 
lraagary. There caa be no slcewjrays, the sagittal focos 
is n$.-oroTOJy a plane through the ranter. When the 
contiguratJon is retroreflective, tl}e ingoing and oiltgobg 
ray intercepts of that plane are equidistant on opposite 
sjdesofthecanterforanyray. That in conjunction with 
the ccnoentnaty establishes that the tangential focus 
Is also sharp and coincident witri the sagittal focus. If 
the hemisphere should not be complete, but simply a 
tJuci condensing kns for reasons of convenience the 
onlv aberration introduced is the spherical aberration 
of tne plane-paraJlel glass that is absent. 

The configuration served as the basis for a project to 
construct two larger and more consonant spectrographs 
than theprptotype. Their characteristics were planned 
to be 100 A/mm, //O.9. with lo-cm grating dimeter. 
Forautousry the cost of commercially available- gratings 
proved far highertban anticipated and too expensive 
for the budget That circumstance dictated in-oouae 
fabneatoa of the gratings, therebjj not only bringing the 
benefits of a useful facility but alsh a preferable manu- 
facturing technique could be employed. I 

The usual technique is to form horographic fringes, 
which delineate the grooves of the diffraction gating, 
by intersecting two large, coherent, and collimated 
beams of green laser lighL The necessary collimators 
are Urge and cumbersome, and the whole setup is ex- 
tremely susceptible to vibration. . ;| 

Instead, two cohpreni point soirees may be formed 
with aminiatura interferometer employing two micro- 
scope objectives as shown in Fig.;2 and used in icon- . 
junction with the optical and mechanical parts o£ the 
ipectnsgraph itsalf. Although thisiinterferometerimsy 
seem asymmetric it has an equal nurnbar (2} of reflec- 
tions in each arm and approximately equal pathlengihe 
in each arm. The actual cocopenents axe not adjustable. 
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food machininjr tolerances axe sufficient to dsfhM their 
positions and tilta. Basically th* placement of tha point 
sources in the image plans of tie spectrograpo. at tbe 
wro aad f--st order location* corresponding to the laser 
wavelength, provides Youngs fringes at precisely tha 
locations where the diffraction grating grooves should 
lie. Not only that, but the format of the grcxrtee com- 
pensates any possible eberratioa* of the system at the 
lajer wavelength. ! 

A 10- mW cadsjKim laser served to expose photoresist 
coated surfaces following the recipes given by Labeyrie 
aod Flaraand 1 end Bartolioi. 4 Care pea solidity freed 
the setup from stability problems even with no aatlvi- 
bration structural supports. 

fha fjtl resulting spectrograph had^troooa* uaege 
quality with severe astigmatism, far worse than that of 
the prototype. Fortunttely. the error was immediately 
evident The paraxial curvature relations given by 
Dyson, 1 rather than ratrorefleetiTity, bad m istake n ly 
been aasujnod to be vital. Tha device must bis a good 
resroreflactor only at the ion* of the entrance slit to 
assure high image quality. The grating surface should 
Us at the principal focus of the hemispheric field lens, 
and the spherical aberration of that lens is so strong that 
for the xoae of the specified slit location the grating 
surface radius reduced to 16 cm, a* oppoead to 20 cm fa 
paraxial circumstances- Perth simors. the two pouit 
sources used for fabricating the grating should both be 
placed in that same zone, i* , disposed on a chord rather 
than a diameter to the focal plane. The shorter radius 
grating has augmented the numerical aperture of the 
nysiem to N.A. — 0.68 (rf/O.T). which is pernapeja record 
for spectrographs. The actual dements ojh a B9-mm 
radius hemisphere of UBK-7 itlass ar.d a 135 .yam con. 
cava grating with a 150-mm radius sphericallsurfsce. 
and the slit is 37 mm away from the center. The. dis- 
persion is approximately 100 k/mm, and Fi$. 3 illus- 
trates the image quality attained. ! 

During the course of the project Jean FTamand in- 
formed me that an all refiecang version of the config- 
uration has been conceived by A. Thevenon. His de- 
sign, shown in Fig. 4, U admirable, betng a Schmidt 




Fte.3. HfrHy Wlf I""* «< ' m8 portion at mattufy raaemna. 
OrifinAl MnuUioo 127-0*. original dbpersion -Oj89 (— /AJ.7). 
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The ultimate merit of the- coofigunMons lies mor. 
Urge number of independent pikels made av, 

If even more throughput than thatavailable wit 
Hit is required, the concentric spectrc-rspas are idee 
suited is convolution spectrographs*-" because of th 
flat field, stigmtiia, and nonanamorphisra. H.re t 
noise characteristics of th« detector must be such as 
partake a multiplex advantage if lie convoluti 
techniques ere to be beneficial Esp^iatatal indi< 
tfoas w~m that phc<opaphic detection can enjoy t 
multiples advantage." ; 

Last, those sama Image properties tkat tult the co 
cenu-ic ccnflgurgtion* to convolution! techniques al 
open the path of mocJc int*rferometiy.» The all r 
fletfiag version* thus extend the possibilities of Fouri 
"uwfore spectrometry to the deep uv. Even thou* 
tie multiplex advantage Is not available for uvdet* 
tors, th.aupn.Btad throughput nay be bane/Idal 
employed for spectra of diffuse sources. 

I am especially grateful to J.ac Flameid of Joblr 
Yvoo no t only for furnishing the grating used in thi 

v* ab ? f £ hf ; Wpfui d; s 

cu^ons : have also beaefited from conversations wi t 

rW^^v ^ PT S ject ^ <M*d by a fnm 
the Scuthsonian Research Foundation. 



Tbe Image puna ts no* situated at the «usJ location 
of die corrector plate and the conve* diffraction gratoj 
at tne usual location of the telescope fo^ 

conditions for 'deal imagery. 
Firure 5 illustrates a slightly more applicable schene. 

ordinary rul^con^ve 

srepb Schmrft soce steep incidence leads to relatively 

the pratjng is ,hown only for reference. T™> r.fle«i«« 
are seeo to correct the customary «dV»2£ 
Littrow .onfisurations with 1 JS^'SSSZ 

The virtues of these concentric configurations ooen 
«venri paths. The combination of high , nSeSS 
•pcrtur. Mth a long slit gi^, a high thwSSSSSi! 
c «nly matched to fiber optic ia«eXen ThYL 
irnry difficulty with fiber* SJS-'thKr^ 

L tie apemogrmph is not endowed with sufficient nu' 

oi tte light cm be lost. Inasmuch as the high numeric*! 
aperture of some of these concentric COnfiJuTaS 

) f^ r - ^^ww must be careful to aprrec^ 
that hifb speed, in the effidencv sera* does 
cssanly foDo* from bit* --teeSSpSTlSS' 
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